(Submitted for publication December .3, 1949; accepted, January 30, 1950) The recent reports of Watson and Ducci (1, 2) have revived interest in the van den Bergh reaction (3), and in the physiological and chemical nature of serum bilirubin. These investigators have presented evidence to show that there are two types of bilirubin in serum, each having a distinctive chemical structure and physiological significance. Their work is based on the premise that the two types can be distinguished by their respective rates of diazotization in the direct van den Bergh reaction, and their observations have led to the conclusion that the prompt direct, or oneminute fraction, represents bilirubin which has been regurgitated from the biliary tree, and that the indirect fraction represents retained bilirubin. The difference in their behavior toward the diazo reagent is ascribed to the nature of their linkage with protein, the prompt direct fraction being a sodium salt loosely bound by adsorption, the indirect being firmly attached by a valence-bond. Another important physiological difference between the two fractions, according to Watson, is evident in their behavior in the kidney, direct bilirubin being excreted, indirect being retained.
These conclusions reaffirm the views of many early workers (4) (5) (6) (7) (8) , but are not in accord with more recent opinion that there is only one type of bilirubin in serum (9) (10) (11) , that there is no direct relationship between the renal excretion of bilirubin and the direct van den Bergh reaction (12) , and that the van den Bergh reaction is of limited diagnostic significance (13) . Watson (1) has emphasized two points which he believes may account for this divergence of opinion. First, almost all regurgitated bilirubin diazotizes within one minute in the direct reaction, and the increase in color observed beyond this point is due ' Aided by a grant from the Fluid Research Fund of the Yale University School of Medicine. 2 Present Address: Department of Pharmacology, Wayne University College of Medicine, Detroit, Mich. to diazotization of indirect bilirubin which reacts slowly in the absence of alcohol. In the past, direct bilirubin has been measured five to 30 minutes after the addition of diazo reagent, so that the results have been modified by the presence of indeterminate amounts of indirect bilirubin. Secondly, most of the experiments cited as proof of the non-existence of two forms of bilirubin simply demonstrate that all the serum bilirubin is bound to protein, but do not exclude the possibility that there are two types of protein-linkage, a suggestion first made by Coolidge (14) .
In Ehrlich's original experiments on the diazo reaction in chloroform solutions of bilirubin, alcohol was found to be essential as a mutual solvent for the otherwise immiscible chloroform solution and aqueous reagent (15) . Some years later van den Bergh and Miller (3a) discovered, quite by accident, that alcohol could be omitted in carrying out the reaction in bile, but not in aqueous solutions of sodium bilirubin. When they examined blood they found a similar difference in the behavior of the reaction in obstructive and hemolytic jaundice and applied the terms "direct" and "indirect" reaction respectively. The reaction appeared to be of value in differentiating hemolytic from other types of jaundice, but not in distinguishing extrahepatic biliary obstruction from hepatocellular damage, both of which were regarded as examples of obstructive jaundice in accord with the views of Eppinger (16) . Later experience proved van den Bergh's observations to be sound, but because of its limitations the reaction was abandoned as a diagnostic test until it was revived by Watson (1) . Since then his modification of the reaction has gained wide acceptance as a clinical laboratory test. While no claim has been made that it will differentiate extrahepatic biliary obstruction from hepatocellular jaundice, it is thought to be of value in estimating the degree of bile regurgitation in these two con-660 ditions. The evidence presented to prove that the one-minute fraction represents regurgitated bilirubin (17) , and that its quantitation has greater diagnostic significance than the original qualitative van den Bergh reaction (1) is by no means conclusive.
The chemical basis for the two types of van den Bergh reaction remains obscure. Attempts to demonstrate two chemically distinct forms of bilirubin (18) (19) (20) have failed (6, 21, 22) , but the original theory that the variable behavior of bilirubin depends on its linkage with protein survives, despite convincing evidence to the contrary. Van den Bergh and Miller (3a) considered the possibility that bilirubin gave an indirect reaction when combined with protein or lipid, but could not confirm this experimentally. They expressed the opinion that it was more likely that the behavior of serum bilirubin in the van den Bergh reaction was related to the presence or absence in serum of some normal constituent of bile. Later, van den Bergh revised this opinion and stated that the two types of diazo reaction were due either to minor chemical differences between direct and indirect bilirubin, or more probably to the linkage of indirect bilirubin to protein (3b). In 1923 Levi-Crailsheim (23) further elaborated this theory, and suggested that the bilirubin-protein complex was split in the liver cell before 1ilirubin was excreted into the biliary tree. This hypothesis has gained wide acceptance and has had a profound influence on the formulation of the modern concept of regurgitation and retention jaundice (1, 8, 24) .
The failure to demonstrate unbound bilirubin in serum by dialysis (25) , cataphoresis (14, (26) (27) (28) or ultrafiltration (10, 11, 14) casts doubt on the theory that the type of van (29) . Gray and Whidborne (9) suggest that the direct reaction may be due to the presence of a catalyst in serum specifically elaborated in regurgitation jaundice. Attempts to identify this catalyst with bile salts (14, 29, 30) and cholesterol (29, 30, 31) have generally failed. The specificity of the diazo reaction is generally taken for granted, but Kerppola (32) has shown that the direct reaction may be due, in part at least, to the presence of non-bilirubin derivatives from bile. How important this factor may be is not known, as Kerppola's observations have not as yet been confirmed. The factors governing the renal excretion of bilirubin are still poorly understood. There have been many attempts to explain the absence of bilirubinuria in some types of jaundice on the basis of differences in the physical or chemical properties of serum bilirubin. Thus, Hoover and Blankenhorn (33) tried to correlate the renal excretion of bilirubin with its filtrability through collodion; later, when appropriate collodion membranes were employed, it was shown that all serum bilirubin is protein-bound and non-filtrable (11) . The advent of the van den Bergh reaction gave rise to a commonly held view that there is a renal threshold for direct bilirubin, but that the kidney is impermeable to the indirect type (1, 4, 8, 24) . There is contradictory evidence, however, indicating that there is no causal relationship between biliuria and the type of van den Bergh reaction ( 12). Moreover, there is evidence to suggest that renal factors may be important in the excretion of bilirubin (34, 35) .
It is evident from the foregoing that the conclusions regarding the chemical nature and physiological significance of the one-minute serum bilirubin fraction (1) are not in accord with other recent opinions. Since these conclusions have such an important bearing on both clinical and experimental studies of jaundice, there appeared to be a need for further study of this problem. The following investigation was undertaken to determine: (1) whether the reaction curves of azobilirubin development in serum warrant the conclusion that there are two types of bilirubin, (2) whether there is any relationship between the one-minute serum bilirubin level and the renal excretion of bilirubin, and (3) whether the oneminute serum bilirubin has diagnostic significance.
METHODS AND MATERIAL
The rate of diazotization of serum bilirubin was determined in 90 freshly collected blood specimens drawn from patients suffering from a variety of diseases. An attempt was made to obtain sera with total bilirubin values of as wide a range and representing as many types of jaundice as possible. (e) Five ml. of diluted sera were transferred to each of two cuvettes; to one was added 1.0 ml. of freshly prepared diazo reagent, to the other 1.0 ml. of diazo blank. The rate of diazotization was then observed for a period of 120 minutes in the first tube, the second tube serving as a blank. Following this 6.0 ml. of absolute methyl alcohol were added to each tube and the period of observation continued for 30 minutes. This is essentially the procedure employed by Watson (37) , except that the periods of observation in both the direct and indirect reaction were prolonged. For purposes of comparison with Watson's published curves (1) , all the data have been presented for both the 15-minute and the longer observation periods employed in this experiment. Moreover, the concentrations of azobilirubin developed during the course of diazotization have been expressed as per cent of the 15-minute and 120-minute values in the direct reaction, and as per cent of the 15-minute and 30-minute values in the indirect reaction, to facilitate comparisons of diazotization rates in sera of different bilirubin concentrations.
The curves obtained in the second set of experiments were very much smoother than those obtained in the first, but some irregularity was still evident. On inspecting the data it was found that these irregularities were usually due to changes in the galvanometer reading representing transmittance values of less than 0.5 per cent.
The diazotization curves in both sets of experiments were similar, especially when the very irregular curves obtained with sera of low bilirubin concentration were omitted. For the sake of brevity, therefore, the (38) . The terminology suggested by Watson (1) has been adopted in this report, "one-minute" and "prompt direct" bilirubin being used interchangeably, and "total" referring to the value obtained after the addition of alcohol.
The term "indirect," however, has been applied to the difference between the "total" and the "120-minute direct" bilirubin, and no account has been taken of the "delayed direct" fraction ("120-minute direct" minus the "one-minute"), since its significance is entirely dependent on the interpretation put on the diazotization curves under investigation. Watson regards the "delayed direct" and "indirect" fractions of bilirubin as identical, and, therefore, considers them as an entity ("total" minus "one-minute" fraction).
RESULTS
The rate of azobilirubin development. The mean values for azobilirubin development observed for 15 minutes are plotted in Figure 1, curves, the change from the almost vertical to the more horizontal component representing a change in the order of reaction and indicating the presence of two compounds (1). This interpretation is the basis for the partition of serum bilirubin at one minute, and depends on the assumption that the reaction of a single bilirubin would describe a parabolic curve. It can be seen that the mean values for azobilirubin developed in the direct reaction of 50 sera, observed for an arbitrary period of 15 minutes, fall on a diphasic curve similar to that described by Watson. However, when the diazotization reaction curves for the individual sera were plotted ( Figure 2 and Table I) they were found to exhibit marked variations in their contour. This was even more apparent when diazotization was allowed to go on to completion during a twohour period. It is evident from Figure 3 and Table II that there is no characteristic curve for the diazotization of serum bilirubin in the direct reaction, that the curves are more or less diphasic, but variable in contour, and that the change in the order of reaction described by Watson (1) is neither constant at one minute nor clearly discernible in all sera. Moreover, a comparison of Figures 2 and 3 illustrates the necessity for allowing diazotization to go on to completion in studying the reaction curve of bilirubin. In the present experiments on serum, diazotization was usually complete in one to two hours, and, in many instances, was followed by a slight decrease in azobilirubin concentration, possibly due to fading of its color. This phenomenon was also observed during diazotization of alcohol-chloroform solutions of pure bilirubin (Table III) . A number of jaundiced sera and solutions of bilirubin were observed for periods longer than two hours following diazotization. In none was there a significant increase in azobilirubin concentration after two hours.
When the mean values for azobilirubin development in alcohol-chloroform solutions are plotted (Figure 1 ) they fall on a diphasic curve similar to that found in the direct reaction of jaundiced sera, rather than on the hypothetical parabolic curve of a single bilirubin suggested by Watson (1). The individual curves exhibited some degree of variation in their contour (Tables III and  IV) bilirubin in serum, presumably a single compound, is diphasic rather than parabolic ( Figure  1 , Table V ). The initial phase of the reaction, however, was very much more rapid than that of either direct serum bilirubin or pure bilirubin in alcohol-chloroform solution.
In an analysis of the factors responsible for the variability of the reaction curves of bilirubin in the direct reaction of serum, the speed of diazotization appeared to be related to the total bilirubin concentration and to the type of jaundice (Table  VI) . Alcohol-chloroform solutions of pure bilirubin showed a similar increase in the rate of diazotization as the concentration of bilirubin rose (Tables III and VI) , but it was obvious from the wide range of rates at both high and low concentrations in the direct reaction (Table II) , and from the unusually rapid rates in the indirect reaction at very low concentrations (Table V) , that other factors must have been important in deter- mining the speed of diazotization. The more rapid diazotization of serum in obstructive than in parenchymatous jaundice was probably related to the significantly higher concentration of total bilirubin in the former (Table VI) .
Relation of the one-minute bilirubin level in serum to the renal excretion of bilirubin. The results of 507 simultaneous blood and urine analyses are summarized in Figures 4 and 5 . Considering the group as a whole (column G, Figure  4) it can be seen that bilirubinuria occurred with increasing-frequency and intensity as the blood level of one-minute bilirubin rose, but there did not appear to be a renal threshold for one-minute bilirubin, since bilirubinuria occurred, in some instances, at blood levels within the normal range, and failed to appear in others at more than 10 times that level. Since it has been suggested that the threshold may be variable, and in hepatitis, at least, related to the stage of the disease (1), the relationship between serum one-minute bilirubin and bilirubinuria was compared in individuals with increasing and decreasing jaundice. It can be seen in Figure 4 (columns R and F) that there is no significant difference between the two groups. The same is also true when hepatitis, cirrhosis and extrahepatic biliary obstruction are compared ( Figure 5 ). It is to be noted that when the serum level of one-minute bilirubin exceeded 5.0 mg. per cent bilirubin invariably appeared in the urine. The significance of this observation will be discussed later.
All the urine analyses in this laboratory are carried out by a well-trained technician employing the method of Sparkman (39 (40) . In 249 instances both tests were negative for bile, in 46 both tests were positive, and in 55 the test was positive by Sparkman's method and negative by the barium-strip method. That the discrepancy between the two methods was due to the greater sensitivity of Sparkman's technique, rather than to an inordinate number of false-positive results is suggested by the following: (1) all the urines tested were obtained from patients with proved or suspected liver disease, (2) when both tests were positive, Sparkman's invariably gave the stronger reaction, and (3) of the 40 individuals with a positive Sparkman and negative barium- It is well known that urine bilirubin decomposes on standing, especially in sunlight. Sivo and Forrai (41) have found that with mild bilirubinuria the Gmelin test may become negative within three hours in the shade, and within one hour in sunlight. Most of the urines in the present study were BILIRUBINURI PRESENT l The clinical significance of the one-minute serum bilirubin level. In Figure 6 are plotted the values for one-minute and total serum bilirubin in 400 random blood samples submitted to the laboratory for analysis during a two-year period. Several hundred other observations made during the same period are not included because the values fell within the normal range, or slightly above, and could not be plotted without obscuring the details of the figure. It is evident that over a wide range of values there is a more or less direct relationship between the one-minute and total serum bilirubin levels, and that the range of ratios between the two is wide at low concentrations and tends to narrow at high concentrations. There is a suggestion, moreover, that the ratio tends to increase with the concentration of total bilirubin, although the number of observations at very high levels is too small to establish this point with certainty.
It is also evident from Figure 6 that there is no significant difference in either the concentrations of one-minute bilirubin or in the one-minute: total bilirubin ratios in extrahepatic obstruction, cirrhosis, hepatitis, and a variety of miscellaneous conditions, including congestive failure, anemia, and infection. Unfortunately only four bloods from patients with hemolytic jaundice were available for study. All showed relatively low oneminute bilirubin concentrations and low one-minute: total bilirubin ratios. However, it can be seen from Figure 6 that these values fall within the lower limits of the range observed in other types of jaundice, and so are of little value in differentiating this type of jaundice from the others.
COMMENT
From the data presented it appears that the one-minute bilirubin level is an arbitrarily selected point on the ascending limb of a variable diphasic curve representing azobilirubin development in the direct reaction of serum. While the ratio of one-minute: total bilirubin may serve as an index of the speed of the reaction during its initial rapid phase, the evidence does not support the contention that the one-minute fraction is a measure of a distinct type of bilirubin. Gray and Whidborne (9) and more recently Deenstra (42) have come to essentially the same conclusion.
The conclusion that there are two types of bilirubin in serum was based on the observation that the reaction curve for direct azobilirubin development was diphasic, and on the assumption that the reaction curve for a single bilirubin would be parabolic (1) . The If such were the case, each type might be expected to exhibit a distinctive reaction curve. Yet, both in the present experiments and in those of Gray and Whidborne (9), indirect bilirubin, one of the two types, showed a variability in its speed of diazotization similar to that of the presumed mixture of two bilirubins in the direct reaction. A number of other experiments may be cited as further evidence against the theory that fractionation of serum bilirubin based on the van den Bergh reaction measures two types of bilirubin in serum. Thus, Cantarow (10) found that when two sera containing different proportions of direct and indirect bilirubin were mixed, the final concentrations observed were different from those predicted for solutions containing two types of bilirubin. Gray and Whidborne (9) demonstrated that the rate of diazotization of pure bilirubin added to serum depended on the clinical state of the patient from whom the serum was obtained. These and other experiments suggest that the rate of diazotization may depend on chemical or physical factors in the serum, rather than on differences in the chemical nature of bilirubin. The striking difference in the rate of diazotization of bilirubin in alcohol-chloroform solutions and in serumalcohol mixtures (indirect reaction) observed in the present experiments illustrates the importance of the solvent in which the reaction occurs.
The factors governing the speed of diazotization of bilirubin in serum are not fully understood. It is well recognized that the concentration of total bilirubin is an important factor in determining the type of visual or qualitative van den Bergh reaction obtained (43) . Thus, a prompt direct reaction can be converted to a biphasic, and then to a delayed direct by simple serial dilution of serum (44, 45) , suggesting a decreased rate of diazotization. However, Deenstra (42) has pointed out the important fact that the color development apparent to the naked eye depends both on the speed of diazotization and on the concentration of bilirubin present, so that a prompt direct reaction may occur either with a high concentration of bilirubin reacting slowly, or with a low concentration reacting rapidly. Moreover, Gray and Whidborne (43) have shown that, in the dilution employed in the qualitative van den Bergh reaction, concentrations of azobilirubin may be attained which fall outside the range in which Beer's law holds, and have pointed out the impor-tance of this factor in determining the type of visual reaction observed. In quantitative studies of azobilirubin development employing a photoelectric colorimeter, however, the serum is always diluted sufficiently to avoid this effect. It must be recognized, therefore, that the results of the visual and colorimetric van den Bergh determinations are not comparable. Nevertheless, the results of the present experiments suggest that the concentration of bilirubin is also a factor in determining the speed of diazotization when the reaction is studied colorimetrically, although there are reasons to believe that other factors play an important role.
The physiological basis for differentiating two types of bilirubin in serum appears to be as uncertain as the chemical. The evidence indicating that the prompt direct type represents regurgitated bilirubin is largely circumstantial. In experimental obstructive jaundice the qualitative van den Bergh reaction is indirect early and changes to biphasic and then to prompt direct as the jaundice deepens (46) (47) (48) , a finding to be expected in the light of Gray and Whidborne's work (9) , but difficult to explain if the prompt direct reaction measures regurgitated bilirubin. In Gonzales-Oddone's experiments (17) there was a prompt increase in the one-minute bilirubin fraction in thoracic duct lymph following biliary obstruction.
While this has been cited as evidence that a special type of bilirubin was being regurgitated from the biliary tree into the lymph and thence into blood (37) , the possibility cannot be excluded that bilirubin was passing from the sinusoids to the lymph directly, without passing through the liver cells or bile capillaries, and that its rapid diazotization rate, indicated by the marked increase in the one-minute fraction, was due to the appearance or accumulation in hepatic lymph of other substances affecting the speed of diazotization. Similarly, the high proportion of one-minute bilirubin in fistula bile, cited as evidence for the specificity of excreted bilirubin (37) , might well be related to the high concentration of bilirubin in bile and to other chemical and physical properties of bile affecting its rate of diazotization. Convincing clinical evidence that the one-minute serum bilirubin fraction has been regurgitated from the biliary tree is likewise lacking. Even if hepatocellular damage were always accompanied by some degree of bile regurgitation, a significantly higher proportion of prompt direct bilirubin might be expected in the serum of obstructive than in hepatocellular jaundice. Yet, no such difference has been demonstrated in the present study, based on one-minute: total serum bilirubin ratios, or in other investigations based on the qualitative van den Bergh reaction (3, 4, 45) .
The mechanisms underlying the renal excretion of bilirubin are still obscure. Since all of the bilirubin in serum is protein-bound (11, 14, (26) (27) (28) and that in urine protein-free (11), it is probable that excretion occurs predominantly by way of the tubules rather than by glomerular filtration (34) . The most perplexing problem is the relationship of the urinary excretion of bilirubin to its concentration in blood. The most striking feature of this relationship, usually expressed as the "renal threshold," is its extreme variability which is evident not only in the several types of jaundice (1, 3, 4) , but also during the development and recession of jaundice (1) , in individual (1) and species (49) differences, and in relation to the functional state of the kidneys (50) . Attempts have been made to correlate the renal excretion of bilirubin with its concentration in serum, with its chemical or physical state in serum, and with the functional capacity of the kidney. Since van den Bergh's time a relationship between serum concentration and urinary excretion of bilirubin has been recognized, and several "threshold" values have been reported, depending on the methods of analysis employed (3, 4, 12) . The failure of bilirubin to appear in the urine in hemolytic jaundice, even at high serum levels, has made it clear that serum concentration cannot be the only factor involved, and it has been suggested that there is a "renal threshold" for direct bilirubin but that the kidney is impermeable to indirect bilirubin (3, 4, 7). This conclusion, based on the qualitative van den Bergh reaction, has not been confirmed by either With (12) or Watson (1), but these investigators differ in their interpretation of the findings, especially in hemolytic jaundice. With (12, 13, 51) has found the "renal threshold" for total serum bilirubin to be approximately 5.0 mg. per cent, and has come to the conclusion that the absence of bilirubinuria in hemolytic jaundice may be related to the rarity of such levels in that disease, and that there is in-adequate evidence to prove that indirect bilirubin is not excreted by the kidney. Watson (1), on the other hand, has observed several cases of hemolytic jaundice with total bilirubin levels well above the "threshold" reported by With without bilirubinuria, and has concluded that the original suggestion that there is a "renal threshold" for direct serum bilirubin but not for indirect is essentially correct, but that the failure to find a good correlation in the past has been due to the method of measuring direct bilirubin. More recently Watson has assefted that there is no fixed renal threshold for bilirubin, but that the "prompt reacting bilirubin, or sodium bilirubinate, gains access to urine with relative ease, whereas the bilirubinglobin probably does not pass through the glomerulus at least from those concentrations at which it is found in the circulating blood (52) ."
The failure of bilirubin to appear in the urine in occasional cases of obstructive jaundice, accompanied by severe impairment of renal function (50) suggests that, under some circumstances at least, the "renal threshold" for bilirubin may be related to the functional capacity of the kidney. This has led to attempts to correlate the variability of the "renal threshold" of bilirubin in various types of jaundice with renal function. Thus, Rissel (35) has reported a greater renal clearance of bilirubin in mechanical obstructive than in hepatocellular jaundice, which can be correlated with differences in creatinine clearance. This difference in bilirubin clearance has been confirmed by Enachesco, Comanesco and Zamfiresco (53), but not by With (12) , who has also failed to find a significant correlation between bilirubin and urea clearances (34) .
Another factor which may be of some importance in connection with the renal excretion of bilirubin is the concentration of bile salts present in blood. Intravenously injected bilirubin is ordinarily not excreted into the urine (54, 55) unless bile salts are injected simultaneously (56) . The action of bile salts in facilitating the urinary excretion of bilirubin is not well understood, and has been attributed both to its effect on the conversion of indirect to direct bilirubin in serum (57) , and to a direct effect on the kidney (58) .
In the present study the range of one-minute serum bilirubin concentrations at which urinary excretion of bilirubin occurred was so wide that it is difficult to regard the former as a "threshold3. The one-minute: total serum bilirubin ratio is an index of the rate of diazotization in the direct reaction and tends to be low in hemolytic jaundice, but is of limited value in the differential diagnosis of jaundice because of the wide range of overlapping values in biliary obstruction and hepatocellular disease.
4. The evidence suggests that the rate of diazotization is determined by the concentration of bilirubin and by chemical or physical factors in serum, and not by the presence of variable mixtures of two types of bilirubin having different reaction rates.
5. The urinary excretion of bilirubin does not appear to be determined by the one-minute serum bilirubin level.
